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PREFACE

This effort stmed from the Air Force Weapons Laboratory's (AFWL) concern

to conduct high-explosive testing under favorable atmospheric conditions,

thus insuring a minimal impact to off-site comaunities. Many people partici-

pated in this effort.

Atmospheric measurements were needed for airblast predictions. Airblast

measurements were made to protect the Government from invalid damage claims

and to add to the general airblast propagation data base. Dr Robert E. Reinke

(AFWL/NTES) modified existing equipment to measure airblast. Mr John A.

Leverette (AFWL/NTES) performed the bulk of maintenance, data reduction and

operation of the equipment for field testing. For tests at Yuma, Arizona,

the U.S. Army Atmospheric Sciences Laboratory at the Yuma Proving Ground made

measurements oi upper level wind velocity and temperature. For the larger

Yuma tests, a weather team from the YTuma Marine Corps Air Station provided us

with low-level wind observations at the test site. Finally, Major Jon Kahler's

(USAF, Retired, formerly of AFWL/WE) technical guidance throughout this project

was especially appreciated.

Metric units are used throughout this report. Exceptions are made for

some meteorological parameters which are used in the most coumonly reported"

format as follows: Windspeed in knots, atmospheric pressure in millibars,

and the height of the weather data in feet. Conversion factors are as follows:

1 knot p 0.5148 m/s, 1 millibar - 10 Pascals, and 1 kft - 10 ft - 304.8 a.

All logarithms are to the base ten.

Any reference to specific brand names is made for identification only

and does not imply endorsement or criticism by AFNL.

iii/iv

_________________________



AWIL-TR-85-150

CONTENTTS

Section Pme

I INTP.ODUCTION 1

2 ]BACKGROUND 2

3 PREDICTION MODEL 5

4 CONVENTIONAL HIGH EXPLOSIVE.3 BLAST AND SHOCK (CHEBS)
SERIES 8

5 ICN( SILO SUPEREARDENING TV.<NOLOGY (ISST) RESULTS 13

6 CONCLUSION 23

REFERENCES 24-

APPENDIXES

A. WEATHER DATA AND SOUND SPEED PROFILES - CHEBS SERIES 26

B. DESCRIPTION OF THE BLAST OPERATIONAL OVERPRESSURE
MODEL (BOOM) 35

i

,i

1•

V

------------------------------------------- --



APWL-TR-85-150

ILLUSTRATIONS

1 Sound speed profiles defining terms for the Beta parameter 5

2 Example of Validyne plot of recorded airblast waveform 8

3 Correlation of predicted versus measured CHEBS
overpressures 12

4 Test-bed configurrtion for the ISST series - not to scale 17

5 Correlation of ISST overburden factors and the mean
apparent explosive weights (percent of laid explosive
weights) 19

6 Correlation of predicted and measured ISST overpressures 22

TABLES

Table Page

1 Blast propagation prediction techniques 4

2 CHEBS results: Mean and maximum predictions using
Equation 4 10

3 CHEBS results: Mean and maximum predictions using
Equation 6 11

4 ISST test results 14

5 ISST avparent weight (percent of laid explosive weight) 16

6 ISST BOOK overpressure predictions 20

vi



AFWL-TR-85-150

INTRODUCTION

The Staff Meteorology Office of the Air Force Weapons Laboratory (AFWL/WE)

is tasked to monitor atmospheric conditions and predict far-field airblast

propagation for AFiWL high-explosive test prograws. Under certain weather

conditions, unacceptable airblast may propagate to nearby communities and

produce minor structural damage or excessive noise irritation. Airblast

propapation predictions, based on the state of the local atmosphere &nd the

explosive mounts, are needed for the tests to safely proceed with the assur-

"ance of no off-site damage and the miniunm of coaemity noise irritation.

These AFWL bigh-explosive tests involve conventional weapons and chemi-

cal detonations with explosive yields ranging from 100 to over 1,000,000 kg.

Tests are conducted either locally at Kirtland Air Force Base, New Mexico,-

or at a remote range near Yuma, Arizona. The airblast prediction technique

for these tests must be accurate, incorporate changing weather conditions,

and be adaptable for field operations at remote sites. This report describes

the AWL/WE airblast prediction model which meets the criteria, and presents

the results of both conventional weapons and chemical high-explosive test

series.

.\
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BACKYGROUND

For far-field airblast propagation, the atmosphere acts as a lens to

rei act the airblast wave either upward or back to the ground surface. In

the far-field, a shock wave from an explosion moves with the speed of an

acouetic wave. Thus, the degree of refeaction depends upon the speed of

sound in layers of the atmosphere above the ground surface. For the purposes

of this report. the use of the term "sound speed" will imply the total sound

speed in a particular direction. At any given level, the total sound speed

along a specified direction is approximately equal to the temperature depen-

dent sound speed of the air plus the wind velocity component as given by the

equation:

VS - 331 * [1 + (T/273)]1/ 2 - WS * COS(WD - DI) (-1)

where

VS - Total sound speed in the D! direction (M/s)

DI - Selected direction of interest: Azimuth

angle, clockwise from true north (360 deg) *1

as viewed from the explosive source (deg)

T - Air temperature (0C)

VIS - Wind speed (m/s)

WD - Azimuthal direction frem which wind is

blowing; clockwise from true north (deg)

A sound speed vertical profile is constructed from temperature and wind

velocity measured at selected altitudes. The magnitude of airblast propaga-

tion is dependent on the shape of the sound speed vertical profile and the

size of the difference between the surface sound speed and the valutes aloft.

if the *ourl speed decreases with altitude, the blast wave front will be

refracted aloft and sound amplitude will be diminished at the surface. Con-

versely, when the sound speed at some height exceeds the surface value, a

portion of the wave front will be refracted back to the surface with an

ensuing sound enhancement.

2
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Ray tracing techniques are frequently used to compute atmospheric airblast

refraction. Several techniques are available which have been used with success

at other locations. Table I provides information on a few of these techniques

and models. These udels are unsuitable for rente field work an they require

either extensive calculations on a mainframe computer or a highly subjective

evaluation of the so, nd speed vertical profile. This report describes a rela-

tively simple technique, the Blast Operational Overpressure Model (BOOM), for

predicting airblast propagation at remote sites without the benefit of main-

frame computers, No claims are made regarding the z c.its of this technique

comparea with others in use. The BOOM was develop,3,• for use in field opera-

tions at remote locations and it is capable of producing cccurate results

using a limited memory portable cimputer.

. 3
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TABLE 1. BLAST PROPAGATION PREDICTION TECHNIQUES

Computational

Model Method -equirevents

1. Sound Intensity Ray tracing to det.armine Mainframe

Prediction System focal points. Capable of computer

(SIPS) considering terrain.

(Ref. 1) Empirical sound intensity

predictions.

2. Inverted FACT Deterministic. Uses Mainframe

Model asymptotic app-oximation computer

(Ref. 2) to prevent infinite

intensities in the

regions of caustics.

3. A Prediction Velocity of sound profiles Sound Velocity

Method for are used with graphs to profile and

Blast Focusing determine focal point overpressure

(Graphical) location. Empirical predictions can

(Refs. 3.4 and overpressure equations. be calculated

and 5 describe Subjective graphical with pocket

similar methods) analysis. calculator.

4. Focus: Comput- Ray tracing. Computes Microcomputer

erized Aid for focus location and

Making Sound overpressure amplification

Propagation factor

Forecasts

(Ref. 6)

4
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PREDICTION MODEL

Richard Lorenz (Ref. 7) developed an empirical overpressure prediction

model for explosions of Mark-82, 500-lb bombs at Bloodsworth Island. Maryland.

Overpressure measurements were made 25 ka from the detonations of air-dropped

Mark 82 bombs with airblast propagation over flat, marshy terrain and open

water. Lorenz incorporated the refractive effects of the atmosphere into a

single function, the Beta parameter. This parameter represents the atmos-

pheric condition which has the greatest effect on airblast refraction; i.e.,

the uaximum difference in the speed of sound between the surface and the alti-

tude where A - arctangent (AV/AZ) is a iuulm., as shown on Fig. 1.

A V " V

- - - - .,

XH: \ :<O

GROUND SURFACE

SOUND SPEED V (m/s) SOUND SPEED V (r/s)

.Figure 1. Sound speed profiles defining terms for the Beta parameter.
(Left figure is an example of a negative Beta parameter.
Right figure depicts a positive Beta parameter. Solid lines
are the sound speed vertical profiles. Dotted line is the
surface sound speed value for comparison with other levels.
Small dashed lines are magnitudes of AV and AZ. The angles
designated Amex are the maximm values of arctangent 0V/AZ.)

5
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The magniLude of the Beta parametor along a particular dir iction is computed

from the maximum value of A given by the equation:

B - aretangent [3 * (AV/tZ) * (RIC)] (2)

where

B - Beta parameter for selected direction (dog)

R - Distance to location of interest (kma)

C - Sound speed at the surface (a/a)

AV - Sound speed difference related to A

In Fig. I (m/s)
AZ - Height of AV above ground level (km)

Loreuz' airblast measurements represent the positive overpresebure -

amplitude of the airblast on the assumption that the measurements are ouffi-

ciently far-field that the peak positive and negative overpressures are

appruximately equal. The weather conditions affecting airblast propagation

showed a significant variation in the vertical temperature gradient and wind

velocity. Resultant Beta parameters ranged from a +81 (strong enhancement)

to a -26 (moderate attenuation). A le"t squares fit to the data has the

following equation:

L - 103.1 + B/5.3 (3)

where

L - Instantaneous peak overpressure (dB)

B - Beta parameter as previously defiaied (dog)

Equation 3 has a standard deviation of 7.6. Lorens applied the results from

previous detonations with yields ranging from 45 to 540,000 kg at distances

from 5 to 50 ka to develop the yield and range scaled predictive equation:

L - 103.1 + B/5.3 + 20*LOG [(S/1013)O'5*(W/110)0"M 4 *(25/R)l 3 3 3 ] (4)

6 It .•
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where:

L - Nlaximum peak overpressure (dB)

B - Weather parameter, as pre-riously defined (deg)

S a Surfac' atmospheric pressu-e (mbar)

W TNT equivalent explosive weight (kg)

R a Distancr from explosion (km)

Equation 4 represents the mean expected overpressure. The one staniard

deviation above the mean is obtai.ned by adding 8 dB; one standard deviation

below the mean is obtained by subtracting 10 dB. Lorjnz' model was developed

with measurements in units of decibels. Decibels are an arbitrary scale measure

used in the mechanical measurement of sound. This arbitrary scale is a function

of the ratio of the instantaneous overpressure to 20 micropascals which is

considered the threshold of human hearing. This relationship between decibels

Avd pascals can be seen in the equation:

L 20 lOglo (P/P 0 )

witere:

L - Maximum peak overpressure (dB)

p = instantaneous overpressure (Pa x 10 )

PC = 20 micropascals

So an instantaneous overpressure reading of 20 micropascals is equal to a

maximum peak overpressure of zero when expressed in decibels. The current

standard of airblast intensity is units of pascals, wherd tlhe conversion factor

to pascals is given by:

PK - 0.00002 * 10 (L/20) (Pa) (5)

Lorenz stp~ed that his model appeared to contain the core of a fairly

general prediction method. However, he added that further study would be needed

f to determine the applicability.- f the model outside the range of data from which

it was derived. The next two sections demonstrate how well the model performs,

with slight modifications, for the varied AFWL high-explosive test programs.

.7.
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CONVE•INONAL HIGH EXPLOSIVES BLAST AND. SHOCK (CHEBS) SERIES

This section describes the application of Lorenx' model for the AVWL

Conventional High Explosives Blast and Shock (CUEBS) test series. The

purpose of CH ES, conducted near the southern perimeter of Kirtland AFB, was

to test the effects -if conventional Mark-83 1000-lb bombs on protective shel-

ters and to charzcterize close-in overpressures. AIWL/WE monitored these

tests to insure that uzacceptablc airblast would not extend to the southern

suburbs of Albuquerque, approximately 15 km from the test site.

For all CHEB3 shots, the airblast intensity was measured at a location

5 km east-northeast of the test site. Additional measurements at 7 and 10 km

were added as more airblast measuring equipment became available. Overpressures

were digitally recorded on Validyne Differential Pressure Transducers, Model

P305D. The transducer is of a diaphragm type and capable of measuring in a

range from 2 to 862 Pa, with the manufacturer's specifications indicating an

accuracy of ± 0.5 percent at full scale; i.e., t 4.3 Pa. Reference 6 gives

a complete description of the Validyne specifications and Fig. 2 shows an

example of the recorded airblast waveform from the Validyne.

(67.2 PAi ..

(173.4 P.)

PEAtO P*tow PLOT SCALE 2" Pa?.422Pt31g• pA
MM A4 N K A T $ "A P L C 0 0

Figure 2. Example of Validyne plot of recorded airblast waveform.

8
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Atmospheric conditions were determined using the regularly scheduled

ravinsonde observations from the Albuquerque Airport, approximately 10 km

west of the test cite. Test-time vertical temperature profiles were estimated

from the 1200 Greenwich 14ean Time (GKT) ravinsonde data, adjusting for the

observed surface temperature at shot-time, normal diurnal variations, and any

significant advective changes. In addition, the winds aloft were measurad at

shot time by visually tracking a 10-g pilot balloon (pibal) with a theodolite.

The pibal winds could not be determined above 5000 ft due to clouds or strong

winds limiting the elevation angle toward the Manzano Mountains to the east.

For winds above the limit of pibal data, measurements of the latest available

Albuquerque rawinsonde winds were used with the necessary advective adjustments.

The Mark-83 bombs, which were placed either nose into the ground or on

the side, effectively acted as a point surface detonation for far-field air-

blast intensity purposes. For a surface burst, the blast propagates hemis-

pherically, rather than spherically as in the case of an elevated burst.

Assuming the ground surface as a perfect reflector, the resulting overpressures

are approximately equivalent to those from double the explosive yield. Thus,

a charge weight of 550 kg TNT equivalent (2*275 kg) was used as the explosive

source strength for the Mark-83 bombs.

The results of the CHEBS series are listed in Table 2. Weather conditions,

listed in Appendix A, resulted in the Beta parameter ranging from -4 to +11.

All overprassure measurements were well within the upper bound of Lorenz'

prediction equation. However, the mean prediction tended to be low, espe-

cially when stronger winds aloft resulted in a positive Beta parameter.

9
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TABLE 2. CHEBS RESULTS: MEAN AND KAXIMUM PREDICTIONS USING EQUATION 4

Event Measurement Beta Beta Measured Mean MaxiMum
Location Parameter Height Overpressvre Prediction Prediction

(Azi=th/Range) (deg) (ft) (Pa) (Pa) (Pa)
(deg/ka)

7 070/5 +9 2000 81 57 145

8 070/5 +11 5000 99 60 151

9 L10/5 -4 1000 44 43 109

10 070/5 -2 9000 44 45 114

12 070i5 -3 7000 45 44 112

13 070/5 0 1000 71 47 119

13 070/10.4 0 1000 30 18 46

15 070/5 +3 5000 85 50 132

15 070/10.4 +8 5000 20 22 55

15 055/7.2 +4 5000 30 37 82

Lorenz' mean prediction equation was adjusted to fit the data and given by

the equation:

0.556 0.444 1.333L - 106 + B/5.,3 + 20*LOG[(P/1013) *(W/IO/110) *(25/R) 1 (6)

where

L - Peak overpressure (dB)

B - Weather parmuter (deg)

P - Ambient pressure (Nbar)

W - TNT equivalent explosive weight (kg)

R - Range of interest (km)

Equation 5 is used to convert the overpressure to Paccals. The maximum over-

pressure, consistent with Lorenz' upper bound, is obtained by adding 5 dB to

the mean predictive value of Equation 6.

10 :-
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The predictions using the Equation 53 instead of Equation 4 are listed

in Table 3. Figure 3 depicts the linear fit of the predicted overpressures

to the observed values along with 95 percent confidence intervals (Ref. 9)

for a future single response. The least squares fit to the data has the

equation: Observed - -15.3012 + (1.2208 * predicted) with a correlation

coefficient of 0.8801. The magnitude of the confidence intervals is wide but

reflects the small sarple size (10 measurements) rather than the goodness of

fit. Since weather conditions were partially estimated from rawinsonde data

nearly 6 h old, the predictions using Equwtion 6 in the CHEBS series were

quite reasonable. The next section shows how the BOOM prediction technique

performs much better when current weather data are available.

TABLE 3. CREBS RESULTS: MEAN AND MAXIMU3M PREDICTIONS USING EQUATION 6 -

Event Measurement Beta Beta Measured Mean Maximum
Location Parameter Height Overpressure Prediction Prediction

(Azimuth/pauge) (deg) (ft) (Pa) (Pa) (Pa)
(deg/km)

7 070/5 +9 2000 81 79 145

8 070/5 +11 5000 99 82 151

9 079/5 -4 1000 44 59 109

10 070/5 -2 9000 44 61 114

12 070/5 -3 7000 45 63 112

13 070/5 0 1000 71 64 119

13 070/10.4 0 1000 30 24 46

15 070/5 +3 5000 85 70 132

15 070/10.4 +8 5000 20 29 55

15 070/7,2 +4 5000 30 44 82

4
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IC(M SILO SUPIRHARD'.VIIG TECHNOLOGY (ISST) RESULTS

The purpose of the Intercontinental Ballistic Missile Silo SuperhardenIng

Technology (ISST) program, conducted at a remote site 45 ka southeast of Yuma,

Arizona, was to test the effects of simlated nvulear detmnations on scale-

sized missile silos. To attain the overpressures necessary to simlate a

nuclear burst, the explosives (Iremits 60, TNT equivalent 0.90) were laid in

a mostly circular form with an overburden of desert alluvial soil placed upon

the explosives. The configuration was designed to confine most of the axplo-

sives effect to the test-bed area. However, for airblast prediction purposes,

the design led to the problem of determining the portion of energy emitted to

the atmosphere. This section describes the method of predicting the airblast

attenuation caused by an overburden and presents the results of the BOOM model

applied to airblast predictions for the ISST series.

Weathar conditions (wind and temperatura aloft) were gathered from ravin-

sonde data measured at the YTuma Proving Ground (YPG), 40 kca northwest of the

ISST site. Although some uncertainty was introduced into the weather data

due to the distance from the test site, the YPN rawinsonde was the closest

available data. The data were always recorded within 30 min of test time;

therefore, uncertainty due to distance was minimized by the timeliness of

the information. This problem was eliminated for the Large Size #1 (LSI)
test (so far, the largest in the series) when the YT weather team recorded

the rawinsonde data at the ISST site. For the larger ISST tests, weather

people from the Yuma Marine Corps Air Station took pibal wind observations

at the site. Since temperature is a much more conservative meteorological

quantity than wind velocity, the combination of the YPG upper air temperature

data and the winds aloft observed at the site was the best compromise to ade-

quately describe the state of the atmosphere for airblast propagation.

Airblast was again recorded on the AFWL Validynes for the ISST events.

For the larger tests, additional measurements were made by Sandia National

13
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Laboratory (SnL) people. who supported these tests with airblast predictions

and measurements (Refs. 10. 11. and 12). Table 4 lists the test information,

points of waasurmant, weather paramters an%! the measured overpressures.

TABLE 4. ISST TEST RESMLTS

Location Beta Measured
(Azimuth/Range) Parameter Overpressure

,3upple ... (doal m) ( dog) (Pa) _,

1 355/17.1 -15 24
2 355/3.6 -7 133a
3 360/13.8 -26 Ila
4 341/3.8 -14 34 5 a
5 359/19.3 -53 28a
6 340/14.4 -21 14
7 355/16 +4 40
8 355/3.3 +1 414 a
9 337/11.3 -10 21

10 340/9.6 -16 20
11 337/5.3 -5 96
12 337/15.6 -46 32
13 330/9.7 -14 37a
14 340/3.5 -7 80
15 330/16.2 +10 58
16 340/2.5 -1 196
17 330/11.3 +7 38
18 340/14.4 - 6
19 300/2.1 -2 373
20 360/14.2 +3 288
21 336/9.6 -33 82
22 360/18.6 -34 7a
23 330/11.3 -16 36
24 336/9.7 -33 75 a
25 340/9.6 -14 28
26 355/14.5 -28 14
27 330/9.7 +6 62a
28 340/3.5 -5 114
29 340/14.4 -24 8
30 340/14.4 -1 6
31 355/13.9 -44 39a
32 338/5.9 +4 191)a
33 360/13.8 -44 49

a SHL measurement.

14
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To determine the airblast attenuation effect of the ISST overburden
configuration, the BOCO predictive equation (Equation 6) was solved for the

amount of explosive weight required to produce the observed overpressure for

the range of interest and the weather crnditions. In effect, this procedure

eliminates the overburden effect by treating the explosion as a point source

surface detonation. Therefore, the percentage ratio of the "apparent weight"

to the total explosive weight describes the portion of energy remaining as

airblast after the explosive energy has been expended to remove the overburden.

The last column of Table 5 shows the percentage oZ the total explosive weight

that resulted in the measured overpressure at each location. For the series,

values ranged from less than 1 percent to nearly 11 percent.

J.W. Reed (Ref. 13) reasoned that the airblast emanating from beneath an

overburden should depend on the amount of explosives, the area over which it

is laid, the overburden mass, and the time to venting. However, he added that

the time and character of the explosive venting, i.e., the failure of he

overburden containment, should depend on the texture of the overburden mate-

rial. Any physical assessment of that characteristic would be difficult.

On the other hand, Reed observed that the fractional amount of energy expended

in iifting the overburden to its venting point depends on the overburden mass

per unit explosive area. Thus, the vented airblast should have some relation-

ship to the overburden mass per unit explosive mass.

As previously discussed, the purpose of the ISST overburden was to induce

large overpressures by confining most of the explosive energy to the test-bed

area. As depicted in Fig. 4, the explosives we... laid in a nearly circular

area with the overburden built to a prescribed depth over the explosives. The

depth of the explosives was negligible compared to the overburden height.

The edge of the overburden extended beyond the explosives extremity to a dis-

tance equal to the overburden height and then extended to the gtound on a

2:1 grade. This configuration was designed to attain an equal amount of over-

burden in all directions from the explosives.

15
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TABLE 5. ISST APPAPWT WIGHIT (2 OF RYPLOSIVI WRIGHT)

Measurement Apparent Weight
2Ezaple Location •'ka) (Z of ",loelve Wel.ht)

4. 17.1 10.915
2 3.6 2.707
3 13.8 1.849
4 3.8 2.220
5 19.3 6.497
6 14.4 4.999
7 16.0 6.438
8 3.3 6.347
9 11.3 1.824

10 9.6 4.477
11 5.3 4,511
12 15.6 3.627
13 9.7 4.187
14 3.5 3.163
15 16.2 10.955
16 2.5 4.734
17 11.3 1.299
18 14.4 1.012
19 2.1 5.140
20 14.2 4.707
21 9.6 3.544
22 18.6 2.633
23 11.3 6.866
24 9.7 3.140
25 9.6 .. 006
26 14.5 3.112
27 9.7 2.357
28 3.5 3.681
29 14.4 2.-841
30 14.4 0. 58.3
31 13.9 3.458
32 5.9 4.285
33 1-3 8 5.388

16
A . ,.



FWL--TR-85-150

h I 1

I I(Not t o scale)

Figure 4. Test-bed configuration for the ISST series. (Explosives and
overburden are laid in a nearly circular form. The dimensions t,
r + h, and r + 3h are radii. The depth of explosives is negli-
gible compared to the overburden height.)

Many approaches were tried to empirically describe the airblast attenua-

tion as a result of the overburden. The best relationship resulted when the

ratio of the explosive weight and the total overburden mass was correlated

with the sear apparent explosive weight for each individual test. The entire

overburden mass was used to calculate the overburden factor with the assump-

tion of a hemispherically radiating blast wave. This accounts for the portion

of blast energy needed to move the intervening overburden in all directions

before venting to the atmosphere. The overburden factor calculated for the

ISST series is:

Z - W/(O*D) (7)

where

Z - Overburden factor (kg explosive/kg overburden)

W - TNT equivalent explosive weight (kf)

0 - Overburden volime (a 3)

D Density of overburden soil kg/n 3

17
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The density of the alluvial soil was measured after each teat and found to be

1845 h8/m3, 1 5 percent. (Note: K4uation 7 lute been tested for only this

density.)

The equation derived to account for the overburden effects has the
form:

ZZ - -0.0146 + (11.5157*Z) 
(8)

where

ZZ - Effective explosive veight factor

Z - Overburden. factor from Equation 7

The correlation coefficient of the linear fit Is 0.7660. Figure 5 graphically

shows the least squares fit of the data. Scatter Is evident in the data;

however, the overburden factor Z does have a positive linear correlation with

the apparent explosive weight. As an example, if an equal overburden configu-

ration was used with an increased explosive weight, Xquation 8 correctly pre-

dicts an Increased apparent weight resulting in increased airbiast effect.

Conversely, an increased overburden volume with the same explosive veight

would lead to a decreased airblast.

The overburden attenuation (Equation 8) was used in the BOOK prediction

equation (Equation 6) to calculate the explosive weight for the ISST events.

The prediction results are listed in Table 6. The 95 percent confidence

limits (Ref. 9) were computed for a single future response. Based on the

results of 33 overpressire measurements, the upper bound for predictions In

the ISST series is:

PH - 1n + 43.2836*[1.0303 + ((PK-8S.1212)2/389009.515211/2 (9)

where

P1 - Upper boued on the BOOK prediction (Pa)

1K e BOOK mean prediction (Pa)

16,
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* 31? m u FAGI VS. o WPT mI

.S -

Figure 5. Correlation of the ISST overburden factors and the mean
apparent explosive weights (percent of laid explosive
weights). (The solid line is the linear least-sq.ares f.t:
Percent of total explosive weight - 100 x ZZ, with a cor-
relation coefficient of 0.7660.)
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TABLE 6. ISST BOOM OVERPRESSURE PREDICTIONS

Measured Predicted
measurement Beta Overpressure Overpressure

Emle Distance (km) (dea) (Pa) (Pa)

1 17.1 -15 24 17
2 3.6 -7 133& 152
3 13.8 -26 11a 17
4 3.8 -14 345a 444
5 19.3 -53 28a 22
6 14.4 -21 14 1s
7 16.0 +4 40 48
8 3.3 +2 414a 372
9 11.3 -10 21 33

10 9.6 -16 20 17"
11 5.3 -5 96 99
12 15.6 -46 32 33

9.7 -14 37a 35
14 3.5 -7 80 79
15 16.2 +10 58 55
16 2.5 -1 196 190
17 11.3 +7 38 82
18 14.4 -36 7 8 11
19 2.1 -2 373 363
20 14.2 +3 28 a 56
21 9.6 -33 82 86
22 18.6 -34 7a 9
23 11.3 -16 36 27
24 9.7 -35 75a 78
25 9.6 -14 28 25
26 14,5 -28 14 15
27 9.7 +6 62a 99
28 3.5 -5 114 138
29 14.4 -24 8 8
30 14.4 -1 6 11
31 13.9 -43 39a 42
32 5.9 +4 190a 183 ,
33 13.8 -43 49 42

a SNL meeurmeents
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As shown on Fig. 6, the BOOM prediction techrnique produced excellent

results, i.e., a 0.9471 slope of the llnegr !.east-squares fit and a correla-

tion coefficient of 0.9788. Accuratec predictions were made over a wide range

of both test parameters and atmospheric conditions. Overpressure predictions

were accurate at distances from 2.1 to .8.6 km at overpressure levels ranging

from 6 to 414 Pa. Additionally, weather conditions were quite varieble.

Vertical gradients of both temperature and wind velocity resulted in the

Beta parameter varying from +10 to -53. However, the ISST overburden factor

[explosive weight/(overburden volume * overburden density)] was only between

0.003 and 0.007. Further verification is needed for airblast predictions

using overburden factore beyond the ISST limits.

A computer program to incorporate the BOOM technique was written in

BASIC programming language for use on a Radio Shack PC-2 portable micro- -

computer. See Appendix B for details of the program. -

21
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S...CONCLUSION

An airblast prediction technique, the BOOM, has been presented. The

BOOK was implemented on a Radio Shack PC-2 portable microcomputer and is

particul&rly applicable for airblast predictions at remote locations where

access to a mainframe computer is not available. The BOOM is a modification

of a technique developed by the Naval Surface Weapons Center for predicting

airblast intensities from 500-lb bomb explosions. The refractive effect of

the atmosphere is incorporated into a single function, as opposed to ray-

tracing techniques, to determine whether airblast intensity will-be amplified

or diminished by the atmosphere. Results of airblast intensity measurements

from 1000-lb bomb explosions demonstrate the validity of the original tech-

nique. An overburden factor, based upon the volume of soil placed upon the

explosives, has been developed to predict the airblast emanating from beneath

an alluvial soil overburden. Airblast predictions using the BOOM were vali-

dated with measurements from the ISST program. The overburden airblast

attenuation factor may not be valid for ratios of explosive weight to over-

burden volume exceeing the range of the ISST series.. However, the general

technique should be u3eful in developing attenuation factors for explosions

with overbu-dens.

23



APWL-TR-85-150

REFERENCES

1. Pollet, D.A., Sound Intensity Prediction Systeamfortthe Island of
Kahoolwa; Progr&a Maintenanc.e Manual, NSWC/DL TR-3786, Naval Surface
Weapons Center, Dahlgren, Virginia, March 1978.

2. Sandgathe, S.A., Lt, USN, Fleet Numerical Weather Central Ptodunts Used
for Calculation of Acoustic Propagation and*Overgtessure. Special Report
to the 44th Meeting of the Range Commanders Councils held at the Air
Force Flight Teat Center, Edwards Air Force Base, California, 4-6 Apr 78.

3. Perkins, B., Jr.; Lorraine, P.H.; and Townsend, W.H., Forecasting the
Focus of Air Blasts Due to Mateorologieal Conditions in the Lower
Atmosphere, BRL Report No. 1118, Ballistic Research Laboratory, Aberdeen
Proving Cround, Maryland, October 1960.

4. Rasmussen, R.A., Capt, USAF, A Prediction Method for Blast Focusing,
Tech Note 71-8, USAF Environmental Technical Applications Center, Navy
Yard Annex, Washington DC (presently at Scott Air Force Base, Illinois),
September 1971.

5. Reed, J.W., Acoustic Wave Effects Project: Airblast Prediction Techniques,
Report SC-M-69-332, Sandia National-Laboratories, Albuquerque, New Mexico,
May 1969.

6. Kahler, J.P., Cant, USAF, Focus: A Computerized Air for Making Sound
Propagation Forecasts, ADTC-TR-79-8, 6585th Test Group, Holloman Air
Force Base, New Mexico, January 1979.

7. Lorenz, R.A., Noise Abatement Investigation for the Bloodsworth Island
Target Range: Description of the Test Program and New Long Trange Airblast
Overpressure Prediction Method, NSWC TR 81-431, Naval Surface Weapons
Center, Silver Spring, Maryland, November 1981.

8. Reinke, R.E., A Digital Microbarograph System, AFWL-TR-84-142, Air Force
Weapons Laboratory, Kirtland Air Force Base, New Mexico, June 1985.

9. Walpole, R.E., and Myers, R.H., Probability and Statistics for Engineers
and Scientists, MacMillan Company, New York, New York, p. 506,1972.

10. Reed, J.W., Letter Report to Air Force Weapons Laboratory, Test Operations
Branch (APWL/NTEO): SS-1 Event, Airblast and Ground tlotio Measurements,
Sandia National Laboratories, Division 7111, Albuquerque, New Mexico,
November 1984.

11. Reed, J.W., Letter Report to Air Force Weapons Laboratory, Test Operations
Branch (AFWL/NTEO): SS-1 Repeat Event, Airblast and Ground Motion
Measurements, Sandia National Laboratories, Divisiou 7111, Albuquerque,
New Mexico, Novesm)or 1984.

12. Reed, J.W., Letter Report to Air Force Weapons Laboratory, Test Oper.ations
Branch (AYNL/NTEO): Blast Predictions and Measurements, LS1, Sandia
National Laboratories, Division 7111, Albuquerque, New Mexico, April 1985.

24



AFWL-Tk-85-150

REFERENCES (Concluded)

13. Reed, J.W., Recent Studies of Airblast frou.Butied'ChArpes'for Eriviron-
mental Protection fromHESTREVents, Sandia National Laboratories,
Division 7111, Albuquerque, New ,exico, June 1983.

25



AFWL-TR-85-150

APPENDIX A

WEATHER DATA AND SOUND SPEED PROFILES-CHEBS SERIES

This appendix list& the atmospheric conditions and the resultant tabular

and graphical vertical sound speed profiles for the CHEBS high-explosive

test series. The listings are copies of print-outs from the microcomputer

-used to run the program. For ease of readability of the sound speed plots,

an enlarged copy of the first plot is presented. See Section 4 for the

methods of obtaining the meteorological data and the assumptions considered.

26



AFWL-TR-85-150

DIRECTION 70 r - "r-, "'CHEBS? I IAPR84!!
I I I ! I

*WEATHER DATA* *SOUNO SPEED DATA* '

HGT TEMP WIND HGT SOUND DELTA a : '
(KFT) (C) (KTS) SPEED SPEED i : a ,-

(KFT) (M/S) (MVS) a a : aS 1 260 20 ------------------ i- ---
1 14.3 250 25 0.0 351.5 , , , : ,
2 11.7 240 31 1.0 352.5 1.0 ' ' a I
3 9.1l 259 27 2.0 353.7 2.2 ' t \ * i
4 6.6 270 28 3.0 350.4 -1.0 -- J....-.I ,,oS 4.4 299 31 4.0 348.5 -2.9 a I o
6 2.2 280 32 5.0 345.0 -5.4 ' I
8 -0.7 270 35 6.0 345.6 -4.89 -0.7 270 46 7.0 348.3 -3.1 -- r-r-- -
s -3.7 279 49 8.9 352.5 1.1 I a :
10 -6.7 270 53 9.0 352.2 0.7 I I a

10.0 352.3 0.8 ' ' I
.--., . --.J...L -.- J -

Figure A-i. CHEBS 7 weather data and sound speed profiles toward 070 deg.

I.'.
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Figure A-2. Enlarged example of
a sound speed rlot.
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DIRECTION 70 r -
SI 1

CHEBS8 3MAY84 I i I
*SOUND SPEED OATAV ' '

VWEATHER DATA' L
HGT SOUND DELTAI I a I

HGT TErMP WIND SPEED SPEED
(KFT) (C) (KTS) (KFT) (M/S) (M/S) L .

----------- ---------------- T. r ~
a 15 220 10 0.0 345.1
1 12.6 270 10 1.0 343.2 -1.4 ' ' I ' I

2 10.2 275 16 2.0 344.8 -0.2 , j-

3 10 281 13 3.0 343.0 -2.8 0
4 is 280 25 4.0 348.3 3.1 I I I
5 9.3 280 35 5.0 352.2 7.0 I I I
6 5.6 290 35 6.0 348.2 3.1 t ' ' ,

7 1.9 295 39 7.0 346.4 1.2 T-I--i-T'' -I

8 -1.6 295 40 8.0 344.6 -0.5 I I a I

9 -5.1 300 41 9.0 341.5 -3.6 ' a I

1A -6.4 295 43 10.0 342.? -2.3 .. J
-% -Is -Ii -e a a
i•,da g�U"311113110 OEM to we

Figure A-3. CHEBS 8 weather data and sound speed profile toward
070 deg.
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DIRECTION 2O r age
, I !

NHE359 20AUG3¶ ' I
TSCUN3 SPEED OATA ' j

*WEATHER DATA* - -
HGT SOUND OELTA 1

VGT TEMP ILINO SPEED SPEED , o
(KFT) (--) (KTS) (KFT) (Me'S) (M/S) - I j

--- -- --- -- -- -- -- -- --- -- -- r - T- - r ~
0 22 21A 4 0.0 346.1 'I
1 13.5 240 5 1.3 345.5 -0.5 i i I
2 1;.1 240 5 2.0 344.1 -1.9
a 14.9 230 2 3.0 343.2 -2.4 -
4 12.6 240 6 4.0 342.0 -4.1 ' I 1:1
5 1a.3 223 11 5.0 342.4 -3.6
6 8.2 230 11 6.0 341.6 -4.5 1 I : ' '
2 5.1 210 12 2-.a 339.2 -8.a T, -r- r ,-t-

s 4 210 14 8.0 333.2 -6.8 I
9 1.9 210 19 9.5 339.9 -8.1 I ' 1 I
10 -0.1 210 21 10.0 339.4 -6.6 5 ',A.. -I- -A -

A -AG -12 -6 6 0 i1

isv. Wium"Ot""" an" fv we

Figure A-4. CHRBS 9 woather data and sound speed profile toward
070 deg.
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r --- T - - a
DIRECTION 2g g

CHEBSI 22SEP94 i a i
*SOUND SPEED DATA* . .. __..

*WEATHER DATA* a i - "
MGT SOUND DELTA ' '

H6T TEMP WIND SPEED SPEED ' '
(KFT) (C) (KTS) (KFT) (M/S) (M/S) - I __
-------------------------------- ------------------

a 12 338 5 0.8 338.1 a a : a
1 10.2 330 4 1.8 338.2 -0.8 a a i
2 9.4 340 4 2.0 332.1 -1.9 ._.L L ._.i
3 8.1 3359 3.0 336.? -2.3 I I : '
4 ; 325 11 4.r 332.1 -1.9 I a I

5 4.2 320 11 5.0 335.9 -3.2 ' ' ' I
a 1. 318 12 5.0 335.5 -3.6 -- t -

9 s 385 12 2.0 334.9 -4.1 a a :
a -1 305 13 P.5 e334.6 -4.5
9 -1.9 285 15 93.9 336.4 -2.6 a i I
10 -3.5 285 15 18.0 335.5 -3.6 ,L

NIA I114111 )1WalsIr meow? mo e

Figure A-5. CHEBS 10 weather data and sound speed profile toward
070 dag.
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r-,- -T -

OIRECTION 2a '
I I :

CHEBS12 14FEB85 I
*SOUNO SPEED DATA* ," -'- - , -! - -

VAEATHER JI\TAX
ii t\ I

~4GT ~r1P 41N0HGT SOUND DELTA ,
HGT TEMP WINO SPEED SPEED i(KFT) CC) (KTS) (KFT) (M/S) (M/S) r--- r -i- •

-------------------------- ------------------ ii :

0 7 360 5 0.0 334.8 I I
I 4.3 360 5 1.0 3.3.2 -1.6 I I 5
2 0.a 342 ' 2.3 331.3 -2.2 -- .-4-_ .,6e
a -1.5 33a 3 a.3 331.3 -a.5 II i-
4 -1.9 315 8 4.0 3a2.0 -2. a
5 -a.1 a15 13 " 5.0 332.3 -2.5 i

6 -4.4 320 18 6.0 331.8 -2.9 -r-r
2 -5.2 320 24 2.0 332.1 -2.2 t I,
8 -2.4 330 28 8.0 329.4 -5.4 a \
3 -9.1 340 32 9.0 325.9 -8.9 I I *

1 -1a.3 343 35 10.0 324.8 -10.0 L.'-'.--J'- J- .JA• -sol - .4 6 1
LIAU Woapsumiml p m

Figure A-6. CHEBS 12 weather data and sound speed profile toward 070
deg.
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DIRECTION 20

CHESS13 28FE885 - t I*SO0UN0 SPEED DATA• ' I '

*WEATHER DATA* *SUDSEEIAA
HGT SOUND DELTA

HGT TEIIP WIND SPEED SPEED , I : I
(KFT• (C) (KTS) (KFT) (M/Sl (M'/S) I

11 0Ii 1 5 0.0 333.3 r--i- -j1 "
8.7 21a 6 1.0 333.9 -0.3 ' ' ' '

2 5.3 230 6 2.0 3379. -1.4 , : '

3 3.1 280 10 3.8 337.7 -1.6 5 . .
4 0.8 380 15 4.8 335.8 -2.5 ' '

5 -1.3 3660l3 5.0 334.9 -4.4
6 -3.4 280810 6.0 333.2 -5.5

2 55 20 10 7.0 332.9 -6.5 I I

8 -7.7 260 19 8.0 331.7 -7.6 "-r-- r 1'
9 -3.3 250 12 5.0 331.4 -7.3 1
10 -11.3 240 15 10.0 331.5 -7.2 ' 'It I I I,

4M-94 -aa a. I

Figure A-7. CHEBS 13 weather data and sound speed profile toward
070 deg.
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20 
r

,I I I I

CHEBSIS5 25APR85 i3i i
*SOUND SPEED DATA* I ' , i

*WEATHER DATA* .. I.4--L .I-
HGT SOUND DELTA ' ' '

HST TEMP WIND SPEED SPEED ' ' : '
(KFT) (C) (KTS) (KFT) (fVS) (rL, S) B i I1I I I~ ' -:-- - -- - - - -- - - - - - ---- r -1--1- r " t ,

9 12 208 15 8.0 348.4 ' , ' i
1 15.5 135 15 1.0 345.0 -1.4 '
2 13 190 12 2.0 343.5 -2.9 i i
3 9.3 190 28 3.0 344.4 -2.0 o.L i .| .
4 2.2 190 38 4.9 343.6 -2.8 ' ' n
S 5.4 239 39 5.0 348.8 2.3 '

a 2.5 250 39 6.0 348.8 1.5 , , *

2 -0.4 229 35 2.0 342.2 1.2 T -r -- r ap
8 -3.4 265 32 8.0 342.3 8.8 ' , ' :
9 -6.3 255 48 8.9 342.5 1.1 I I I
10 -8.7 250 38 19.8 345.1 -1.3 I I I -

r• -• -• ---I -t

DIRECTION 55 o 1

*SOUND SPEED DATA* kL as-_-_mII 'S I

HGT SOUND DELTA ' '
SPEED SPEED , i

(KFT) (M/S) (M/S) -'-i-'- -'

0.0 342.8 o
1.0 346.5 -1.2 '
2.0 345.3 -2.4 4---_d

3.0 342.3 -0.4 o
4.0 346.2 -1.0 '
5.9 343.7 1.9 1.9
6.0 342.5 -0.2' '' '
2.0 345.5 -2.2
8.0 345.4 -2.3 B, I
9.0 346.4 -1.3 o I

10.8 344.5 -3.2 :, 4.-' .- "-
EMm INmbumwnmpl ftW

Figure A-8. CHEBS 15 weather data and sound speed
profiles toward 070 deg and 055 deg.
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APPENDIX B

DESCRIPTION OF THE BLAST OPERATIONAL OVERPRESSURE MODEL (BOOM)

This appendix describes the AFWL/Wh BOOM used to predict far-field

airblast intensity. The program is written in BASIC programming language

for use on a iRadio Shack TRS-80 PC-2 portable microcomputer. The BOOM

program has many options. Airblast intensity is compute; for either a

standard surface detonation or a buriel explosion. The model uses an

attenuation factor to predict the airblast emitted from beneath an alluvial

soil overburden. Weather information, to compute the vertical sound speed

profile, may be input in the following nays: (1) rawinsonde pre3sure levels

and temperatures, plus wiDds at standard 1000 ft intervals; (2) rawinsonde

pressure levels and temperature, plus pilot balloon azimuth and elevation-

angles to compute pibal winds; and (3) temperature and wind at specified

heig,•s. The output statements and the sound speed plot subroutine are

written for the PC-2 printer having only an 18 character field width.

Therefore, users of the program will probably need to modify these statements

"for use on other machines. On the following pages are listings of the pro-

gram variables and the BOOM program, and a description of the program flow.
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BOOM VARIABLE LISTING

AUL,IU - trigonoametric functions to compute the U component of the pibal wind
AV,3V - trigonnsetric functions to compute the V component of the pibal wind

AZ - azimuth of the pilot balloon at each tined measurement (des)

3 - maximm Beta parameter for a given direction and range (deg)

BS - altitude of maximum Beta parameter (kfW)

CH - option to print vertical sound speed plot
DD - difference between direction of interest and wind direction

at each height (deg)

DI - directions for airblast predictions (deg)

DU - number of directions for airblast predictions

DV - difference between surface sound speed and sound speed
at each height (m/s)

DZ - geopotential thickness between each rawinsonde level,

based on the hydrostatic atihaoximation (ft)
EL - elevation of the pilot balloon at each timed observation (deg)

F - linear interpolation factor to compute temperature at

the height of each wind data height

H - height of sound apeed calculations, based upon input height

of wind and temperature data (Wft)

HD - height difference between successive Trawinsonde pressure levels (ft)

II - counter for pibal wind calculations

IS - pibal observation interval (s)
IT - total time elapeed since pilot balloon release (s)

LA - previous pilot balloon azimuth ;used to compute pibal winds (deg)

LE - previous pilot balloon elevation ; used to compute pibal winds (dog)

LL - uumber of weather data levels

M - Beta parameter for each direction, range and height (deg)
NK - •mber of pilot balloon azimuth and elevation observations

MI - height of pilot balloon at each observation (ft)
MR - number of ranges for airblast prediction along each direction

P - rawinsonde pressure level (abar)

PD - pibal wind direction (deg)

P R- previous height of pilot balloon; used to calculate pibal winds (ft)

36
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PK - mean overpressure from MM *(Pa)

P14 - maximum overpressure from BOOK (Pa)

PS - pibal wind speed (kt)

R - ranges for airblast prediction along each direction (ka)

lR - geopotentlal height of each ravinsonde pressure level (ft)

IL - umber of rawinsonde pressure levels

n1 - rise rate of pilot balloon depending on time since release (ft/a)

S - atmospheric surface pressure (ubar)

SZ - pilot balloon sise (10 or 30 g)

T - temperature at each ravinsonde pressure level ( 0 C)

TD - temperature difference between successive rawinsonde

pressure levels ( 0 C)

TE - option, surface or buried explosion

TK - rawinsonde temperature converted to Kelvin (W)

TN$ - heading, any desired entry

TP - option for wind Input: raviTnsonde or pibal

TT - temperature at the level of wind data; either actual or computed

from ra-insoude data ( 0 C)

TW - option for type of weather data input

U - east-west pibal wind component; used to compute pibal wind

V - north-south pibal wird component; used to compute pibal wind

VS - sound speed along the selected direction (m/s)

W - TNT equivalent apparent explosive weight (kg).

WD - wind direction at each height (deg)
WS - wind speed at each height (kt)

VT - "O'IT equivalent explosive weight (kg)

XE - height of layer averaged pibal wind (ft)

Z - overburden factor (kg explosives/kg soil overburden)

ZZ - effective explosive weight factor (resulting from overburden)
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DOW COSUTEi ftOiMM LISTING

l:'BO~n" S:PRINT "T~YPE WsE
1: "oom"ATNER CATA?"10:DlfM P(1S8,TU0 92:. INPUT "RAIJIN-1

), TKd18¾oRH(lfd i MGT, TEMPj WHO-
), WO(21), WS(21 2"1; m

) 94:1F TWm2THEN
ll:DIrl TT(21),US( SOTO 1118

-'3, 21)v DU(3, 21) I80: INPUT "# OF RA
101 (3), R(3, 9)v WIN LEVELS "f;R

PK(3, 8), NR(B)L
15:D0rM 8(3,8)4PM( L2:O IlOR

3, 9,i H(21 )l BH( 130: INPUT "PRESSLR
3,8):WAIT 100 E(MB) ";P(I)

38: INPUT "TEST LO 140:]NPUT "TEMP('C,
CATION, OATE'TI l' ;T(I)
ME"i;TNS 150: TK(1I-ZTcIw..273

32: INPUT "EXPLOSI .2
VE WEIGHT(KG)" 160:NEXT I
;WT 220:PRINT "WINGO DA

34:INPUT 'SFC PRE TA NEEDED'
SS(flB)";S 230: INPUIT "WO AT36:INPUT "EXPLOSI Al? RAWIN-!;PI9
ON? SFC-19BURIAt-1;P
ED-21; TE 4.F P=lLE

38:1F TE=ITHEN 240:I TP00iE
LET W=2*WT: 250* INPUT "BALLt)NSOTC 49 ST ZECGM) ";SZ

40:INPUT "OLJERBUR 2ee:1NPUT -0BS TIM~
DEN FACTOR 11;Z E INTERVAL ";I

42: ZZ=-. 8148*dIl.
5152*Z):W=WT*Z 200PT#141m

49:1INPUT "WANT PL 28lV:IT=S:P`H=O:L~m
OT? YES-I NO-2 % 0;5 i

50: INPUT ',# OF 01 x:AzaS
R OF INTll;ON Ilma~

80:FOR I=ITO ON 2-10: ýF SZ=10THEN
?8:INPUT "DIRECTI GOTO 318

ON"I;O (I) 3100: C 'I al 1-2: C2=C2*21001 io" r O#~F RA 2&..C3.oC3*2
N, 1-s ";NRCI) -IW0LPRINT " Pie

'22,;R JwIvT0 HR(X AL DATA"I
) 315:LF K.LPRINT "H23& INPUT 1"RAINSECK GT(FT) WIND(

MI) ";RC19J K)
25"EX Ji~cl, I340.Lg 2
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91a:FOR 1=170 LL
3~: ~z1~3:~RC2 213: IN'UT -HEIGHT(

336:IF JT@?v5THEN KFT) ";H(l)

LET RR=C1 S39: INPUT "WNC DIR

320:IF Ir)24G0THEN ,;:NPTWD( SP

LET RR=C3 38IPT"N P

380:NH=Pt4.RR*IS:XH (KT) "iWS(I)

u(NH+PH)/2 950:WS(I)=WS(I)*.5
398:INPU hAZMUTH960:NEXT I

ANGLE ;AZ 180:FORH(1)2T
4180' INPUT "ELEVATI 1018:FOR I:2T03RL

ON ANGLE 11;EL 1030:DZ=-4 K(323
402: AZ=AZ*RAD: ELzE (TK(IN (PT(I)

L*RAD RADIAN 1)L PI

/TAN C-L;BU=(PH 18 ):H()R(I
*SIN LA)/TAN L )05:NET
E:Uz(AU-8BU)/IS l050:NEXT IRL-

420:AV=(NM*COS AZ) 1060:FO C=0NNLNN
/"TAN EL:BU=(PH log80F0R I=1T0 NN
*CGS LA)/TAN L 19HOH(I+1)-R(I
E:V=(AV-BU)/IS -T(I):DTI

430:P.-=%CSQR (U^'2+ 11)8FRJ1OL
J,2 ) )/3. 28081100RJIOL

440:1IF V(=zoTHEN 1120: IF (H(J)*180
GOTO 4.0)<RH(I )THEN

45:POTN 453 O' GOTO 1151
43:o.180GOT 42-,U/ 1130: IF (H(J)*00

AD+10:GOO 470) )RH(I+1)

460: PD=ATN (U/U)/R THEN GOTO 11
AD 62

A9 I D(TE 1140:FwH(J)Vl000
LET:I PC<POTHEN -RW(I))/HD:C

48:LETZ LE=1.. P =C+I:TT(C)=T
NH: A A -, E F .P D*F4T(1)

1162:NEXT J

~00:AB 3~LPINT1185:GOTO 1280
US1HGA 99LPRIN 1120:PRINT "ENTER

D::TAB 13:HTTEP I

LPRINT USING' S
#~#'. P5*211223 INPUT "HOW Mi

5IB.IFI;dPr1N*t ANY LEUFLSV'

SOTO 356 b;LL

* !~~~20:LF 4 3~FRI1OL
398:19'PUT I'# OF WN

0 LEUELS ";LL

.39



ANWL-TR-85- 150

1178:1 INPuT "ENTER 1358:LPRIINT USING
MEIGHT(KFT)H)
,;H( I)

112B:INpUT "ENTER 1351:TAB G:LPRINT
TErIP(C) 1; T USING 1***.#

T(1) "T()
11I8:INPUT "ENTER 1352:TAB 11:

WHO DIR 11;W LPRINT USING

1182: INPUT "ENTER
WHMO SPDOKT) 1353:TAB 15:
,; US(I LPRINT USING

.5 2
1186:NEXT I 1388:NEXT N
1290:FOR K=1TO ON 1391:LF 2
121a: DEGREE 1489:FOR K=1TO ON
1258:FOR ri-iTO LL 1429:LPIRINT "DIRE
1230:0D=DI(K)-Wo( CTION"

Mi) 1425:LPRINT USING
127@:VS(K,ri)=331.'#V;IK

5*SQR (1+TTC 143@:LF 1
fl)/273. 2)-US 1434:LPRINT "*SOU
(M)wCOS (DO) ND SPEED DAT

1289: DUCK, Ii)US(K A
,fl)-US(K91) 1435:LF 1

1239:NEXT Ml 144@:LPRINT "S HGT
1300:NEXT K SOUND DEL
131@:LPRINT TN$ TAo
1315:LF' I 1441:LPRINT"
1315:LPRINT '~*U SPEED SPE

EATHER DATA* ED
'U 1442:LPRINT "(KFT

1317:LF 1 ) (M/S) (M1/
1320:LPRINT " HGT S)"

TEMIP WIN 1443: LPRINT

1322:LPRINT '(KFT
) (C) (KTS I5S9zFOR I-1TO LL

1325LPRNT *--...-151@:LPRINT USING
------------

-- I@1538: TAB B:LPRINT
133@:LF I -USING "#*##.
1349:FOR N-ITO LL #";US(K, 1);
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1551:TAS 13: 193 +43.293[9*K(
LPRINT USING SOR (1.0303+

'#*#. ';DU(K(((PK(k, 1)-a

1568:NEXT 1 89009. 5152))
1933:FOR IxITO NR 204@ZNEXT I

(K) 2058:LF 3
1939:BH(K, I)z9:B' 2062:LPRINT

K, I)-1800 PREDICTIONS*
1939:8(9(1I)m-l800 *':LF 1
195@:FOR J=2T0 LL 2070:LPRINT "RANG
IN90: EGREE E CUER-PRE
1920:M=ATN (3;*R ss"

(KI 1)*DV(KJ 2072:LPRINT (KMl)

H(J)*.3048)) 2073:LPRINT
) -----------------------------------------------

1979: IF rl>8(KI1) --':LF I
THEN LET BH( 29888:FOR I-ITO NR
K, I)=H(J) (K)

1380:IF M>B(KoI) 2090:TAB 1:LPRiNT
THEN LET 9(1< USING "###.#
pI)zr";l( )

1950:NEXT J 2112:TAB S:LPRINT

2000:L11804B+(K, I USING "#####
)/5. 3+2*L06 #. *";PK(Kil)
(((S/1013)'^. 2115:TAB 5:LPRINT
558)*((W/I 10 "MAX";
)^~.444)*((25 2115:TAB S:LPRINT

i'R(K I))~1.3USING "#####

2005:PK(K3,I)=.000 2128:LF 1
02*10^(L1/20 2122:LPRINT "MAX

2088 IFTE=2NENBETA ";B(Ks
2008:F TE&THENI)

GOTO 2830 2123:LPRINT "HGT(
2010:L2=1114B(K, I KFT) "';BH(K,

)i'5. 3.0*L0G 1)
(((S/1013)^. 2124:LF 2
558)*(U-/110 2125:NEXT I
)^~.444)*((25 2126: IF CHzlTHEN
IR(K, I))AI.3 GOSUB 3090

33)) 212?:TEXT :LF 3
2@15:Prl(KvI)m.800 213W:tIEXT K

S2*10A(L2/,20 2148:END

2820:60T0 2848
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33a0:REM PLOT RO 41091:LINE (18% 493
UTINE 0)-(198, 8),

3013:LF 3 :LINE ci150,8
3802: LPRINT "*SOU )-( 150, 409),

NO SPEED PLOa
T* to 4119:LINE (128,49B

303@:LPRINT "DIR 0)-(1209 0),93
ECTION";OI (K :LINE (313,a)

3043:TEXT :LF 23 4129:LINE (093,400
3080:CSIZE 1: )-(800)9),8:

LPR'L*Tl "s-24 LINE (39,0)-
-18 -12 - (30ý 409), 8
6 0 6 4130:LINE (9,400)

12 " -(0,10)29
3030:LF 1:CSIZE 1 4150:FOR ImlTO LL

4010:LPRINT "DELT :()HI*
A SPEED(M-'S) 6o:DU(KI)aou
:WITH RESPEC (K, I)*5: NEXT
T TO SFC":LF I
-4: GRAPH 4160:GLCURSOR (12

404@:LINE (0,0)-.( 0,0):SORGN:
180, ), 8:FOR J=2T0 LL

CSIZ 1:4120:LINE (DU(KJ
LPRINT " 8" -1),K HJ1)p )-J

4050:LINE (0,80)- ))V(,aJ,
LP80NT2" 4" 4180:NEXT J

4069:INT (0,460 4185:GLCURSOR (90
-(8LIE 0, 160), 15e):ROTATEI:LPRINT "s3:LPRINT "AL

TIrUDE (KFT)
407:LIM". .0, 240)ý

-(180,240)78 4199:F0R I=ITO LL
:LPRINT " 12 :H(1)aH(I )/2

oflaB:OU (Ki, D)=DU

4989:LINE (M320) (K, I)/.5:NEXT
-(1 I80, 328), 8 1
:LPRINT " 16 4135:TEXT :CSIZE

2:LF 20
4099V:LINE (0,480) 5899:RETURN

-(180,4890)9 Bt
:LPV7
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BOOKI COMIPUTER F'.3GRAH [PLOW CHART

IUT.explosive weight (TNT eqsivalent/)
ataospheric surface pressure

t 
OICF. 

surface

buried

* apparenit weight

drcove for airbt ast predictions
distncesalong each direction

ater data

rawrinsonde

NPUT . presoure levels
* temperature at pressure levels
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AB

OC rarinsonde
ind data

pibal

INPUT . balloon size
- observation time interva

MPUT *weather data
(height, teaperature,

NPUT balloon azimuth and elevation and wind velocity

angles for each observation for each level)

CO;fPUTE . pibal winds and heights

. latest rawinsonde winds

above max piba1 level

COMPUTE . geopotential thickness between each
rawinsonde pressure level

"* geopotential height of each
ravinsonde pressure level

". interpolated temperature at each
wind data height

F,,, wather data/
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S~FUR each, direct onNEXT directio~nCOMPUTE *directed sound speed for each level

muaximumu Beta parameter for each distance

overpressure at each distance

PRINT p directed sound speed for each level
0 predicted overpressure at each distance
Beta parameter and corr-spondi•rg altitude

PRINT • vertical sound speed plot

last no
I: direction

t yeslto

S~STOP
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